The Global Burden of Disease (GBD) 2010 Study produced comparable estimates of the burden of 291 diseases and injuries in 1990, 2005, and 2010. This article reports on the global burden of untreated caries, severe periodontitis, and severe tooth loss in 2010 and compares those figures with new estimates for 1990. We used disabilityadjusted life-years (DALYs) and years lived with disability (YLDs) metrics to quantify burden. Oral conditions affected 3.9 billion people, and untreated caries in permanent teeth was the most prevalent condition evaluated for the entire GBD 2010 Study (global prevalence of 35% for all ages combined). Oral conditions combined accounted for 15 million DALYs globally (1.9% of all YLDs; 0.6% of all DALYs), implying an average health loss of 224 years per 100,000 population. DALYs due to oral conditions increased 20.8% between 1990 and 2010, mainly due to population growth and aging. While DALYs due to severe periodontitis and untreated caries increased, those due to severe tooth loss decreased. DALYs differed by age groups and regions, but not by genders. The findings highlight the challenge in responding to the diversity of urgent oral health needs worldwide, particularly in developing communities.
s ummary measures of population health provide a unique perspective in the shaping of public health policy. They provide governments and national and international non-governmental agencies with the evidence-based data from which to determine priorities for research, development, policies, and funding (Murray and Lopez, 1996a; Murray et al., 2012a) . The disabilityadjusted life-years (DALYs) metric, which is the sum of years of life lost due to premature mortality (YLLs) and years lived with disability (YLDs) (Murray et al., 2002) , provides a single standardized measure by which to compare the effects of all fatal and non-fatal diseases, injuries, and risk factors on population health. Disability refers to any short-or long-term health loss other than death (Murray and Lopez, 1997; Vos et al., 2012) . The relevance of DALYs to estimate the health loss associated with morbidity and mortality has been demonstrated by extensive references in global health debates and decision-making (Murray et al., 2012b) .
To date, the only comprehensive effort to estimate summary measures of population health for the world by cause is the Global Burden of Diseases, Injuries, and Risk Factors (GBD) Study. The GBD 1990 Study assessed the burden of oral diseases in 8 major world regions (World Bank, 1993; Lopez, 1996b, 1997) . Although the World Health Organization (WHO) updated DALYs for 1999 to 2004, this was done for only a subset of disease sequelae, which excluded oral conditions. Few narrative attempts to report the global burden of oral diseases have been published subsequently (Petersen et al., 2005; Petersen and Ogawa, 2012) . These studies differ from the GBD Study because they did not systematically search the literature, assess the quality of publications, or produce comprehensive and comparable global estimates of the burden of oral diseases. The burden of oral diseases as estimated by the GBD 1990 Study was moderate (Murray and Lopez, 1996b) .
The goal of GBD 2010 Study has been the systematic production of comparable estimates of the burden of 291 diseases and injuries and their associated 1,160 sequelae in 1990, 2005, and 2010 . Estimates for 1990 and 2005 were recalculated following the GBD 2010 Study protocol. This article reports on the global burden of untreated caries, severe periodontitis, and severe tooth loss in 2010 and compares those figures with the new estimates for 1990.
Oral Science, Queen Mary University of London, between 2007 (Marcenes et al., 2013 . Detailed methods for each component of the GBD 2010 Study have been described elsewhere (Murray et al., 2012a) . We provide only a brief description here, with emphasis on oral conditions. The GBD study cause list included untreated caries, severe periodontitis, and severe tooth loss. The case definition of untreated caries for literature review was "teeth with unmistakable coronal cavity at dentin level, root cavity in cementum that feels soft or leathery to probing, temporary or permanent restorations with a caries lesion." The GBD study definition of disability associated with untreated caries was "a toothache, which causes some difficulty eating". In order of preference, we used 3 case definitions of severe periodontitis: "a Community Periodontal Index score of 4, a clinical attachment loss more than 6 mm or a gingival pocket depth more than 5 mm", depending on which was used in the publication. Disability was defined as "bad breath, a bad taste in the mouth, and gums that bleed a little from time to time, but this does not interfere with daily activities." Severe tooth loss was defined as "having fewer than 9 remaining permanent teeth", while the definition of disability was "great difficulty in eating meat, fruits, and vegetables".
Two trained reviewers working independently and in duplicate searched the literature following the Cochrane Handbook (Higgins and Green, 2011) , extracted the data, and assessed the validity of publications retrieved. The systematic searches sought to identify all published (MEDLINE via PubMed, EMBASE via OVID, and LILACS via BIREME without language restrictions) and unpublished observational populationbased studies presenting information on the prevalence, incidence, case fatality, and cause-specific mortality related to untreated caries, severe periodontitis, and severe tooth loss between January 1980 and December 2010. The quality of all publications was assessed based on the STROBE checklist (Vandenbroucke et al., 2007) .
Prevalence estimates were calculated on the database for all age-gender-country-year groups, by means of DisMod-MR, a Bayesian meta-regression tool developed for the GBD 2010 Study . The generalized negative binomial model includes: covariates that predict variations in true rates; covariates that predict variations across studies due to measurement bias; super-region, region, and country random intercepts; and age-specific fixed effects. Where appropriate, it can be assumed that the rates have been constant over time, which allows data on incidence, prevalence, excess mortality, and cause-specific mortality to inform prevalence estimates. Untreated caries of deciduous and permanent teeth was estimated first in separate models, and then combined when DALYs were calculated.
Since death as a direct result of oral diseases is rare, DALYs estimates were based on YLDs only. They were calculated as the product of prevalence (frequency) times the disability weight of the associated sequelae (severity) times the duration of symptoms. Metrics were not age-weighted or discounted (Murray et al., 2012b) . We report DALYs (in thousands), which represent the total number of cause-specific DALYs for the entire world or region population, and DALYs per capita (per 100,000), which account for changes into growth in total population and age-and-gender distribution.
Disability weights were calculated based on populationbased surveys in 5 countries (USA, Peru, Tanzania, Bangladesh, and Indonesia) and an open Internet survey of more than 31,000 respondents, as described elsewhere (Salomon et al., 2012) . Their empirical basis was thus derived from judgments of the general public about health severity rather than from researchers themselves or from individual health conditions reported by health-care professionals.
Untreated caries can be asymptomatic, mild, or severe. We approximated individuals with mild disability as having periodic pain lasting 1 hr per day. Those with severe symptoms were modeled as having 2 phases: an "initial" phase with periodic pain and a "terminal" phase with constant pain, the length of which was determined by log-normal distribution of symptom duration from casualty ward studies.
Uncertainty from all inputs into the calculations of DALYs was propagated by Monte Carlo simulation techniques, with 1,000 draws taken for each age, gender, country, year, and cause. Aggregations were made at the level of the 1,000 draws for all estimates. The uncertainty interval (UI) around each quantity of interest is presented as the 2.5th and 97.5th centiles, which can be interpreted as a 95% UI.
In analyses by region, the 21 GBD regions were categorized by the mean age of death, which reflects both population agestructure and age-specific death rates and is a simple summary measure of the demographic and epidemiological transition (Murray et al., 2012b; Wang et al., 2012) .
rEsults
Oral conditions remained highly prevalent in 2010, collectively affecting 3.9 billion people. Untreated caries in permanent teeth was the most prevalent condition evaluated for the entire GBD 2010 Study (global prevalence of 35% for all ages combined), whereas severe periodontitis and untreated caries in deciduous teeth were the 6th and 10th most prevalent conditions, affecting, respectively, 11% and 9% of the global population. Severe tooth loss was the 36th most prevalent condition, with a global estimate of 2% (Table 1) . Disability weights were 0.0079, 0.012, and 0.073 for severe periodontitis, untreated caries, and severe tooth loss, respectively.
Oral conditions all ranked among the top 100 detailed causes of DALYs (Table 2) . Severe periodontitis ranked 77th (95%UI, 50-116), untreated caries ranked 80th (95%UI, 56-115), and severe tooth loss ranked 81st (95%UI, 61-103). In 2010, oral conditions combined accounted for 15 million DALYs globally (1.9% of all YLDs and 0.6% of all DALYs), implying an average health loss of 224 years per 100,000 people ( Table 3) . Each of the oral conditions had a comparable estimate of DALYs (in thousands), including untreated caries (4,988; 95%UI, 2,066-9,686), severe periodontitis (5, 413; 95%UI, 2, 258) , and severe tooth loss (4,668; 95%UI, 2,675-7,359). The distribution of DALYs (in thousands) due to oral conditions by gender and age-group is shown in Appendix Table 1 . The burden of oral conditions was similar among women and men (7,805 vs. 7,265 DALYs globally) and increased with aging. The burden of untreated caries predominated below age 35 yrs and decreased with increasing age, though it remained non-trivial in the oldest age groups. Conversely, the burden of severe periodontitis increased with age to become the most predominant cause of DALYs in individuals from 35 to 59 yrs of age before decreasing slightly in the oldest age groups. Severe tooth loss was the main cause of DALYs in individuals over age 60 yrs.
DALYs due to oral conditions increased by 20.8% in 2010 compared with 1990 (Table 3 ). The percentage changes in DALYs associated with population growth, population aging, and change in age-and gender-specific disease rates were 44.9%, 11.8%, and -35.8%, respectively (Table 3 ). The largest increases in DALYs were observed in Eastern (51.7%) and Central Sub-Saharan Africa (50.5%) and Oceania (47.4%).
DALYs per capita increased only in 2 regions, East and South Asia, over the 20-year period (Table 4) .
DALYs due to severe periodontitis and untreated caries in deciduous and permanent teeth increased by 57.3%, 5.3%, and 38.1% respectively, while those due to severe tooth loss decreased by 12.3% (Table 3) . Severe periodontitis was the leading cause of DALYs in 9 regions (Australasia, Sub-Saharan Africa East, Central, East, and Southeast Asia, and Southern, Central, Tropical, and Andean Latin America), followed by untreated caries (Oceania, South Asia, North Africa/Middle East and West, Central and Southern Sub-Saharan Africa) and severe tooth loss (High-income North America, Western Europe, Highincome Asia-Pacific, Eastern and Central Europe, and the Caribbean), each leading in 6 regions. Detailed information on DALYs due to each oral condition by region is presented in Appendix Tables 2-5. 
DIscussIOn
The global burden of oral conditions increased from 1990 to 2010, while a reduction was observed for all conditions. The observed 20.8% increase in the global burden of oral conditions was mainly due to population growth and aging, since DALYs per capita due to oral conditions decreased 8%. These findings are in contrast to 0.5% and 23% decreases in DALYs and DALYs per capita due to all conditions, respectively, in the same period. Untreated caries was the most prevalent of all 291 conditions. Oral conditions caused some disability and, coupled with their high prevalence, accounted for a substantial number of DALYs. The disability weight associated with severe tooth loss (0.073) was between those reported for moderate heart failure (0.068) and moderate consequences of stroke (0.074). Among non-fatal outcomes, oral conditions were ranked 31st, 34th, and 35th of health outcomes causing YLDs and were comparable with many non-communicable diseases, including maternal conditions, hypertensive heart disease, schizophrenia, and the totality of hemoglobinopathies and hemolytic anemias. Oral conditions accounted for more YLDs than 25 of 28 categories of cancer, and only stomach, liver and trachea, and bronchus and lung cancers ranked higher than oral conditions .
The global burden of oral conditions is shifting from severe tooth loss toward severe periodontitis and untreated caries. Tooth loss is a final common pathway when preventive or conservative treatments to alleviate pain fail or are unavailable. Thus, a dramatic reduction in the prevalence of caries and periodontitis in regions with advanced demographic and epidemiologic transition may underlie some of the reduced prevalence of severe tooth loss. Conversely, it is quite conceivable that the increases observed in untreated caries and severe periodontitis in the younger age groups in regions less advanced in the demographic and epidemiologic transition may lead to high levels of tooth loss in these areas in the future.
Challenges in this analysis were inherent in either the measuring or reporting of oral diseases and highlighted areas with incomplete data. The relationship between untreated caries (DT > 0) and lifetime prevalence (DMFT > 0) is not constant and has not been quantified, and, unfortunately, studies that included only DMFT > 0 data had to be excluded because DisMod-MR relies on fixed effects being relatively constant with respect to time and age. Periodontal diseases are not uniformly defined or recorded, and prevalence studies preferentially omitted young and old age groups. Severe tooth loss literature generally included only the proportion of edentate people, and only 3 valid studies reported the number of teeth present. Therefore, DALYs calculation was based on the prevalence of total tooth loss. Furthermore, oral health of populations varies more than for many other conditions. Uncertainty of models was relatively high, especially where input data were scarce or results were examined globally (Murray et al., 2012b) .
It is possible that the GBD approach has underestimated the burden of oral conditions. The GBD case definitions included only the most severe forms of the 3 most common oral conditions. Mouth cancer, noma (Cancrum oris), and maxillofacial injuries were not computed. Mild to moderate tooth loss and periodontitis may also cause some disability, and symptomatic filled teeth are common. Also, oral conditions may lead to several disabilities (Slade et al., 2005; Sanders et al., 2009; Locker and Quinonez, 2011) . A more thorough appraisal of symptoms related to oral conditions (proportion, duration, frequency, and nature), ability to eat, and socio-psychological impact would be ideal to help inform quantification of the burden of these health states in the future. The implications of this study for oral health care investment are useful in the planning of workforce needs and the content of dental education. One of the fundamental challenges is responding to the diversity of urgent oral health needs for communities.
The DALYs and DALYs per capita metrics should inform priorities. They can help identify those populations with both the highest concentration as well as the greatest overall need. East, South, and Southeast Asia and Western Europe had the highest estimates of total population disease burden, with East and South Asia having the least favorable changes in per capita oral health needs. This diversity reminds us that the organized social response to health problems must deal with a wide array of health care and public health priorities for action. To conclude, the burden of oral conditions seems to have increased in the past 20 years, but not evenly. While the DALYs (in thousands) due to untreated caries and severe periodontitis increased since 1990, those due to severe tooth loss decreased. Oral conditions combined accounted for 15 million DALYs globally, implying an average health loss of 224 yrs per 100,000 persons. Oral conditions all ranked among the top 100 detailed causes of DALYs.
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